Angiotensin II atherogenicity in apolipoprotein E deficient mice is associated with increased cellular cholesterol biosynthesis.
Angiotensin II (Ang II) was shown to be an important risk factor for accelerated atherosclerosis. Inhibition of Ang II action on the arterial wall by blocking its production with angiotensin converting enzyme (ACE) inhibitors, or by blocking binding to its receptors on cells with antagonists was shown to attenuate atherogenesis in animal model of atherosclerosis. We questioned whether Ang II atherogenicity is related to a stimulatory effect of Ang II on macrophage cholesterol biosynthesis. Angiotensin II injected intraperitoneally once a day (0.1 ml of 10(-7) M per mouse) for a period of 30 days, to the apolipoprotein E deficient mice increased the atherosclerotic lesion area by 95% (P < 0.01 vs. control), compared to placebo-injected mice, with no significant effect on blood pressure or on plasma cholesterol levels. On using mouse peritoneal macrophages (MPMs) that were harvested after intraperitoneally injection of Ang II, an increased rate of cellular cholesterol biosynthesis (measured as incorporation of [3H]acetate into cholesterol) by up to 90% (P < 0.01 vs. control) was observed. In mice treated with the ACE inhibitor, Fosinopril (25 mg/kg per day) a reduction in their MPM's cholesterol synthesis by up to 70% (P < 0.01 vs. control) was obtained. In vitro studies in human monocyte-derived macrophages (HMDM), in MPMs from control BALB/c mice, and in J-774 A.1 macrophage-like cell line demonstrated up to 44, 34 and 30% stimulation of macrophage cholesterol biosynthesis, respectively, following cell incubation with 10(-7) M Ang II for 18 h at 37 degrees C. The stimulatory effect of Ang II on macrophage cholesterol biosynthesis could be related to its interaction with the macrophage AT1 receptor, as Losartan (10(-5) M), an AT1 blocker, but not PD 123319 (10(-5) M), an AT2 blocker, prevented the stimulatory effect on macrophage cholesterol synthesis. Furthermore, in cells that lack the AT1 receptor (RAW macrophages), Ang II did not increase cellular cholesterol synthesis. Ang II increased macrophage 3-hydroxy-3-methyl glutaryl CoA (HMG CoA) reductase mRNA levels in a dose dependent manner in J-774 A.1 macrophages and in MPM. Losartan, the AT1 receptor antagonist clearly attenuated this mRNA induction. We thus conclude that Ang II stimulation of macrophage cholesterol biosynthesis is related to its interaction with the AT1 receptor, followed by stimulation of macrophage HMG CoA reductase gene expression, which leads to increased cellular cholesterol biosynthesis, and can possibly result in macrophage cholesterol accumulation and foam cell formation.